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PameenrcGRULTING IN THE ARMED FORCES 


Pier. tou 1973 there waS relatively little effort 
expended on recruiting for the Armed Forces. If there was a 
monthly or annual enlistment quota shortfall the remaining 
guota goals would be filled by draftees. This made the 
recruiting process guite easy and both guality and guantity 
goals were obtained. As a result there was little incentive 
to 1mprove recruiting methods and only a few studies were 
conducted to advance these mediocre practices. 

In 1973 when Congress abolished the draft, ali of the 
Major services (Army, Navy, Air Force, and Marines) were 
forced into a positicn which reguired aggressive recruiting 
to oktain the needed enlistees. Thus the first major 
ieamineinguscudies centered around the effects of and issues 
related to the all-vclunteer military systen. As early as 
1970, the Report cf the President's Commission on an 
All-Vclunteer Armed Force [{Ref. 1] foresaw tne need for 
improved recruiting methods under an all-volunteer system. 

During the past decade numerous recruiting studies 
ranging from behavioral science research to intricate econo- 
metric mcdeling have keen conducted. These studies, along 
with increased emphasis on threshold enlistment standards, 
have resulted in very sophisticated recruiting methcdolo- 
gies. The models developed have identified two kLasic groups 
SCrecactors that influence recruiting. The envircnmental- 
demographic factors include such things as unemployment 
rates, Civilian pay, gualified military available (17 to 21 
year olds), and propensity to enlist, whereas the recruiting 
system factors include recruiting objectives, advertising, 


recruiting policy, entry programs available, etc. 


One conclusion cf these Studies is that miiitary 
recruiting is a highly dynamic process and therefore must be 
under ccnstant analysis to remain effective. In recent 
years when unemployment was high all of the Services enjoyed 
a good Lecruiting pezlod: However, each of the services 
continues to research better methods since a poor economy is 
a temporary state. Presently two factors affectims 
recruiting are declining unemployment and declining target 
populaticn (end of the baby boon). These changing citeame 
stances make it necessary to continue forecasting and modi- 


fying recruiting techniques. 


Be RECRUITING IN THE COAST GUARD 


In recent years the Coast Guard has also developed a 
need for improved and more aggressive recruiting techniques. 
Prior to 1975 the Coast Guard enjoyed ‘easy picking’ 
compared to the other services since there was a high demand 
for the Coast Guard and relatively few positions available. 
This resulted ina high percentage or yood yguality recruits 
compared to the other services. Today, with more conplex 
and sophisticated systems and equipment used by the Coast 
Guard, there is an even greater need for quality people in 
the Ccast Guard. This greater need combined with increased 
competition for recruits from the other services requires 
that the Coast Guard become more agaressive in its 
recruiting activities. 

The tern ‘'quality' ais often used loosely within 
recruiting circles, yet it is difficult to dentine vexerree 
itly, and even more difficult to measure and predict. Since 
the definition and measurement of a ‘guality Coast Guard 
Recruit’ is beyond the scope of this study, a ‘quality 
recruit will be defined in terms of two measures; mental 


aptitude and level of education. 


10 


The first measure, mental aptitude, is determined by the 
Armed Services Vocational Aptitude Battery (ASVAB). This 
test cf mental aptitude is administered to all potential 
Coast Guard recruits prior to their enlistment. The test 
measures the level cf skills for several items Such as; 
arithmetic reasoning, numerical operations, paragraph 
comprehension, word knowledge, coding speed, general 
science, mathematics knowledge, electronics informaticn, 
mechanical comprehension and automotive-shop informaticn. 
This battery of tests is administered throughout the ccuntry 
for all the services with the results of the word knowledge, 
paragraph comprehensicn, arithmetic reasoning, and numerical 
operations Sections reing combined to form the Armed Forces 
GCualification Test (AFQT). The AFQT score is then divided 


into five "Mental Category" groups based on percentile as 


TABLE I 
AFQT Mental Categories by Percentile 


aR yy ep el 


Shown in Table I . Categories I and iI represent feorle 
that are akcve average in trainability; those in Category 
III are considered average, where IIIA represents individ- 
uals slightly above the median and IIIB represents those 


Slightly below the median; those in Category IV are kelow 


117 


average; and Category V are well below average. AS (PCanied 
out in the Profile of American Youth [Refs 2), “Thewsenvie= 
prefer enlistees in the higher AFQT categories because 
training time and asscciated costs are lower." These higher 
category people also qualify for a wider range of special- 
ized training. Alsc, as noted by Mobley, Hand, Baker, and 
Meglino, [{Ref. 3] persons in the higher mental categories 
tend to exhibit a Eetter chance of completing ~recrum 
training over those of the lower mental categories. This is 


supported Ly recent Ccast Guard data as shown in Table iI . 
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TABLE If 


Recruit Training Success by AFQT Category 


Récruzt Training hier 


Graduated Discharged 
Category I & II Sia 2.1% 
Categcry IIIA 96. 8% Stevan 
Category IfiB Decal Gig ohe 
Categcry IV & V OSes 14.1% 


ii ERE pipes OTe i ail a ee, Ale 


SS 


| 


SS. a em mw cg mmm OS Se ge eee ee eee 


The second factor that is considered important relative 
to quality is the level of education. In a@ recent studyaey 
the Center for Naval Analysis [Ref. 4], it was concluded 
tierce 


Finally, the military has found high sehool gGraduatccua. 
be retter ee ae recruits than non-high school giadque 
Aes (ee y. aS measured by retention). High school 
gradua oe in fact is the most important predictor of 
Seva ale 
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There have been numerous studies conducted which have the 
Same conclusion and éven Coast Guard data from fiscal year 


fgse SUPPOLts this conclusion aS Shown in Table III . 


TABLE £11 
HSG vs. Non-HSG Survival 


ReEGEulce iraining FY-S2 


HSG S22 o7 leo es 
Non-HSG 69. 0% 31.0% 


| Graduated Discharged 
| 


names SERED {actin mints tei SOD ences conrad DADS en eae canst URED ciel cant GREED cocaine eaiPore Runsianeas 


| Overall Average SB 1ie2s 18.8% 


Althcugh there may be many variables involved in deéter- 


| 
u 


fomong a ‘quality’ recruit, substantial research has indi- 
cated that mental category and level of education attainment 
are valid predictors cf future success in training [Ref. 5]. 
These measures are also readily available for each recruit 
and AFCT mental category is standardized nationally. Pou 
the purposes of the Coast Guard and this study, a ‘good 
quality recruit' is defined as a high school graduate with a 
meot Category I or Ii. 

Whose NewedeEIinitioOn Of Quality at hand it is now 
possible to evaluate the Coast Guard's recruiting fositicn. 
Due to the relatively small number of enlistees brought into 
the Coast Guard, guantity was never a real concern and 
continues to be no ccncern at the present time. HOweVer, 
quality recruits and quality minority recruits are less 
abundant in the Coast Guard as compared to previous years. 


Mee Can bre seen in Figure 1.1, there has been a_ steady 


le 


decline in percentage of Mental Categories I and II in the 


Coast Guard fErom 1975 Sunti lie In 1981 unemployment 
became very high ard all of the services experienced good 
recruiting. As mentioned earlier this is only a temporary 
condition and tcugher recruiting times lie ahead. Thies 


decrease in quality in the Coast Guard represents a threat 
to life, and property as equipment becomes more complex and 
training costs increase. TO maintain a high quality and 
efficient service the Coast Guard must recruit high quality 


reople. 


“aA EMADM VY 





Faguwre i. | Percent of AFQT Category I and II Accessions. 


The Ekasic assumption behind many recent studies is that 


the upper mental category people (Cat I-IITA) are ‘'suprly 
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limited [Ref. 5}. This means that the number of quality 
accessions is limited by the supply of these people rather 
than the military's demand for then. Since the four major 
services are all comreting for these upper mental category 
feople, the Coast Guard must also compete for these people. 
ime ©OaSt GUdrd can ne longer sit DbDack and rely on its reru- 
Boon LO attracting high guality recruits. The Coast 
Guard must lmprove its recruiting technigues to compete with 
the much more sophisticated methods used by the cther 
services. In a time when budgets are tight the Coast Guard 
must make an effort to get more recruits for the dollar and 
this can Fe done Ey improving the present recruiting 


process. 


meee eOSSTBLE METHODS 10 OBTAIN BETTER RECRUITS IN THE COAST 
GUARD 


Initial investigation of the problem resulted in several 
possifle solutions. For the Coast Guard's recruiting 
problem a combination of these solutions and those found in 
studies conducted Ey the other services on recruiting 
resulted in several viable alternatives for imprcvements. 
Mssouming that improved quality in recruits and Minority 
recruits (as measured by the mental category) is the goal of 
the Coast Guard the following list of solutions is obtained: 

1. Train the recruiters better. With better training 
the recruiters may become more efficient and effec- 
tive salesmen. 

2. Advertise more. 

3. Offer better and more flexible enlistments such as 
guaranteed schools or duty stations, and delayed 
entry programs. 


YQ. MeOmnoGe: recruiters an more Locations. 


bes. 


5S. Relccate present recruiting offices intovapeq meee 
greater potential. If uprer mental category feorle 
with a propensity to enlist in the military are 
supply limited, the the Ccast Guard should recruit in 

areas with the greatest supoly. 
While all of the abcve proposals may be good ideas for 
improvement, some may be expensive and difficult to imple- 
ment. Pecause of Coast Guard Headquarters interest, this 
study will concentrate solely on the fifth proposal, the 
relocation of the recruiting offices into the “ep 7s 
locations. This presents a challenging problem with 
possibly the greatest payoffs relative to the effort and 


money expended. 


Do. OFTIMNAL RECRULIING OFFICE LOCATION 


There are presently sixty-five Coast Guard Recruiting 


Cffices thrcughout the continental United States, Puerto 
kieco, Jand Hawadia. These offices have one to eight recrui- 
ters assigned to them for a total of 242 recruiters. Fac 


office is responsible for recruiting within a geographical 
area assigned by Coast Guard Headquarters. This geograph— 
ical area is usually defined by a list of counties that make 
up the territory of responsibility. Most of the recruiting 
is done within a sixty mile radius of the office. There is 
no incentive to recruit people of quality greater than a 
Minimum standard, hence a recruiter can reach the ogGuota 
without canvassing the complete territory. The data fom 
Coast Guard enlistments in FY83 show that most of the appli- 
cants and eventual accessions come from only a few of the 
counties assigned toa given office. This suggests that 
while the Coast Guard may assign most of the counties in the 
U.S. to recruiting offices, it cannot be assumed that the 


Coast, Guard is actually covering the entire country.) Siena, 
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be safer to assume that the Coast Guard actively recruits in 
only sixty-five specific locations. If the Coast Guard does 
not isplement new folicies which regquire recruiters to 
canvass more of their assigned areas, then the locaticn of 
the recruiting cffice becomes even more significant. 

The present Coast Guard recruiting office locaticns 
appear to te anad hoc selection based on some unknown 
parameters and constraints. There iS no documentation 
available to explain the locations or thought processes 
involved in selecticn. While information as to why the 
offices are located where they are is not available, it can 
still be noted that location is very important and reloca- 
tion may be necessary to optimize recruiting effort and 
expenditure. Assuming that most of the enlistees come fron 
the immediate counties of a recruiting office's territory, 
the offices should be placed in locations with large numbers 
of highly qualified ycuths that have a propensity to enlist 
in the military. While these three factors, good quality, 
large number of youths, and propensity to enlist, are not 
all inclusive in determining a good location, they area 
@e@od Starting point fer evaluation. 

In Summary, the Coast Guard realizes that it must 
improve its recruiting process to maintain a population of 
high quality individuals in a high quality service. Due to 
the limited resources for Coast Guard recruiting and the 
fact that Coast Guard recruiters concentrate most of their 
effort within a small radius of the office, the actual loca- 
tion of the office becomes very important. The Coast Guard 
Enlisted Recruiting Franch has expressed some concern over 
the present locations of Coast Guard recruiting offices. 
Some cities without Coast Guard recruiting offices seem to 
have alot of potential and produce well for the cther 
services, while other cities with Coast Guard offices are 


unlikely choices. For example, the Coast Guard has three 


Wy 


offices with a total of eleven recruiters in the state of 
North Carolina, while there are only three offices and ten 
recruiters in all of Sowthern Calitjoenea Based on popula- 
tion and the amount of Coast Guard activity in these two 
locations, there appears to be some discrepancy in recruiter 
location. Discrepancies such aS this indicate that the 
present location of recruiting offices may not be ‘optimal’. 
Relocaticn of the recruiting offices isa step towards 
improved recruiting. If the offices can be located in areas 
that have a large number of high guality youths with a 
propensity to enlist in the service then the Coast Guard 
Should be able to improve the quality of enlistees with less 
eCLrport. 
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ite SCROJTIING OFFICE LOCATION. MODELS 


Aw. THE ARMY, AIR FORCE, AND NAVY MODELS 


Most of the academic literature on recruiting has 
concentrated on the influence of the civilian-military fay 
ratio and the civilian unemployment rate. Although these 
PMO LactOrS are obviously significant in forecasting enlist- 
ments into the military, they are not ail-inclusive. AS a 
result of recent studies and advancements in knowledge of 
Military recruiting, the models used by the major services 
to predict enlistments have become much more sophisticated. 
Many possible variables that influence recruiting have been 
identified and tested. Extensive research has resulted in 
Similar supply models for each of the services. 

The major services have divided potential recruits into 
two classes, "supply limited," and "demand limited." The 
supply limited class consists of mental category I-IIIA high 
school graduates without prior military service. These 
people rank in the upper 50th percentile on the ASVAB Test 
(Armed Services Vocational Aptitude Battery), have graduated 
from high school, and do not have any previous military 
service. This greugp is considered supply limited because 
the number of accessions into the military from this group 
of peorle is limited by the supply availabie and not the 
Military's demand. In essence, this group of individuals 
has been identified as desirable for military enlistments. 
Maes cemand” class of people consists of the mental category 
IiIB and below (lower 50th percentile on the ASVAB Test) ofr 
non- high school graduates and GEDS (graduate equivalency 
diploma), with pricr and non prior service personnel 
combined. This group appears to be constrained by the limit 


that each of the services will allow. 
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Since the supply limited recruit is the goal, Gach o= 
the services has developed an eniistment supply model that 
relies on the assumption that the category [I-IIIA nonprior 


service high school graduate is a limited resource for 


enlistment into the military. This supply model is used in 
making decisions akceut recruiter allocation, budgeting, 
advertising, etc.. To describe the enlistment supply nodel 


the Cobb-Douglas function is used [Ref. 5, and 6] with the 


general form as follews: 
Y=e s x Badge (2.0) 


where Y represents the supply limited accessions or depen- 
dent variable, Xits are the independent variables repre- 
senting the recruiting and environmentai factors, and the 
ai's are the exponents of e and the independent variatkles. 
The Ccebb-Douglas function is intuitively appropriate in 
recruiting kecause of the property of dininishing returns. 
The environmental and recruiting factors, of indépendem. 
variatles, vary with each service. Some of the major 
factors found in these models are number of recruiters or 
Clrort; gualified military available (17-21 year Meal 
unemployment levels, youth attitude towards the military, 
advertising, recruiter experience, office workload, and 
previous accessions [Ref. 5, 7, and 8]. While these Lractors 
are not exhaustive, they represent the major ones which are 
incorforated into the models. When building these models it 
is necessary to avoid using too many factors to describe the 
Supp er we flo ne As Beswick [Ref. 7] points out there are 
two possible problems with each factor. First, an dappies 
priate measure for each variable must be made. In many 
cases the appropriate measure is not obvious. For example, 
it is net obvious what the appropriate measure is for the 


youth attitude towards the military. A second problen 
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involves which variables to include in the model and identi- 
fying the functional interaction between the variables 
chosen. It is for these reasons that a minimal rumber of 
explanatory variables should be used to describe the supply 


response. 


Bee LOBE COAST GUARD RELATIVE TO THE OTHER SERVICES 


As discussed above, the other services use their models 
to assist in making recruiting decisions about recruiter 
allocation, budgeting, advertising, number of recruiters, 
assignment of recruiting goals, forecasting enlistments, 
performance evaluaticn, and office locations and boundaries. 
The Coast Guard 1s also faced with recruiting decisions. 
However, the recruiting branch does not have a Coast Guard 
supply model to assist in these decisions. Because of major 
differences such aS size, resources, and requirements, the 
Coast Guard cannot directly employ one of the cther 
service's models. 

The Coast Guard has very limited resources such as 
money, recruiters, and locations. The number of recruiting 
offices is a good example to contrast the Coast Guard with 
the other major services. The Coast Guard has sixty-five 
recruiting offices whereas the Navy has about 1300 and the 
Army and Air Force have similar numbers. The number of 
recruiters is also significant, but then so is the number of 
recruits that each service must obtain. The quantity of 
recruits is easily achieved in the Coast Guard as evidenced 
by a recent Commandant's Bulletin [Ref. 9], suspending all 
enlistments until 71 Cctober (the beginning of the fiscal 
year). For the Coast Guard guality 1s the major concern. 
The present goal of Ccast Guard recruiting is to enlist high 
guality white and mincrity high school graduates to maintain 


mmeeertricient and effective service. A combination of a few 
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administrative policy changes and the optimal §o0cartmonoe 
recruiting offices can be used to obtain times cae 

The optimal location of Coast Guard Trecruating sor... 
presents a challenging problem for a supply model. lia 
valid supply model fer the Coast Guard can be developed, 
then it is possible to rate the potential of any location 
and subsequently make a decision to place or remove a 
FECPUITANG orlice. As noted eariiler the major services use 
their suprly models fcr various recruiting decisions. sine 
the Ccast Guard's goal is to obtain optimal locaticn forme 
present sixty-five offices and 242 recruiters, the sukseg- 


vent supfly model will concentrate on this specific goal. 


C. THE COAST GUARD REWARD MODEL FOR OPTEMAL LOGATZONS 


In developing a supply model for the Coast Guard there 
exist several problems which must be overcome. The three 
major problems are the Coast Guard quota system and 
resulting bias of recruiting data, the restriction of avail- 
able Ccast Guard data to sixty-five specific locations, and 
the limited data available to develop a good model. 

The first problem is a result of the Coast Guard's 
present quota policy. To determine the quota for a 
recruiting office, the Coast Guard starts with a forecast of 
the total number of recruits needed for the year. Based on 
expected attrition, this number is then divided into twelve 
monthly guotas. This figure is then divided by the total 
number of recruiters in the Coast Guard to yield a nonthly 
guota for each recruiter. The quota for each office is 
Simply the monthly quota per recruiter multiplied by the 
number of recruiters assigned to the office. This method 
assumes €gual productivity among recruiters. Since quotas 
are usually met, this system does not seem to present a 


rroblem for quartity of recruits. However, an improved 


Ze 


guota assignment methcd may improve quality of recruits and 
deserves some consideration. Also, the number of recruits 
from each office is directly proportional to the number of 
recruiters assigned, hence it is not possible to evaluate 
the potential of an cffice by using number of enlistments 
alone. 

To alleviate this problem, the Coast Guard supply model 
is altered to become a ‘reward model. The other services! 
supply models use number of enlistments as the dependent 
variakle because this is the number that they are interested 
in predicting. Because of the waiting lists to join the 
Coast Guard, the Coast Guard iS not as interested in the 
number of enlistments as it is in the guality of its enlist- 
ments. Because of the emphasis on guality aS opposed to 
guantity, it is not necessary to use the number of enlist- 
ments as the dependent variable in the Coast Guard model. 
Using this simplifying assumption, the Coast Guard model 
becomes a reward function where each office 1S given a 
reward value based on the quality of its recruiting. 

The reward functicn developed for the Coast Guard isa 
result of subjective weighting of five basic factors: 
quality enlistments, Guality minority enlistments, total 
number of accessions that have survived at least nine months 
of service, total number of Minority accessions that have 
survived at least nine months of service, and total number 
G@ieapplicants. The guality factor is measured by the total 
number of mental category I and II high school graduates 
with no prior service that enlisted ina given office. As 
menticned before, this appears to be an accepted measure of 
quality and this information is readily available. The 
Pier ty Minority factor is the same as the quality factor 
except it records only the minorities in this category. The 
total accessions (minority and non-minority), that have 


Sucvived at least nine months of service is a result of the 
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fiscal year 1983 accessions that were still in the Coast 


Guard at the tine of this study, This measure represents 
survivors and therefore good recruits. It also Euffers the 
bias due to the “tetas systcen, Since survivors are not 


directly proportional to number of recruiters, hence there 
is a slightly lower correlation between the two. The fina 
factor, total number of applicants, is also readily saa. 
able and represents a measure Similar to total enlistments 
for the cther services. Since there is no guota on appii- 
cants, the total number is not forced to be directly propor. 
tional to the number of recruiters, hence a small office 
with two recruiters tay have more applicants then a large 
office with six recruiters. The weighting of these factors 
waS arrived at by a survey of Ccast Guard recruiting exrerts 
and will be discussed further in Chapter III below. 

The second problem results from having only sixty-five 
recruiting offices spread over the entire country. In the 
case of the Navy, there are approximately 1300 recruiting 
offices throughout tie counter. With this type of coverage 
the Navy has recruiting data for any location that it may 
want tc consider. This allows the Navy to evaluate the 
potential of a given office location and then reallccate 
recruiters accordingly. The Coast Guard cannot use its data 
to evaluate the potential of a recruiting office which does 
not exist. For example, there is no way for the Coast Guard 
to use cnly Coast Guard recruiting data to evaluate the 
potential cf an office in Anchorage, Alaska, since there is 
no office there and kence no source of Coast Guard data. 

One possible solution to this problem is to develop some 
relaticnship between Coast Guard ecruicug and Navy 
recruiting. If there is a valid relationship, then 1eeyouia 
ke possikle to evaluate the potential of locations such as 
Anchorage using Navy data. It may be possible to develor a 


valid relationship based on the similarities of the two sea 
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going services without assuming that the characteristics of 
a Navy enlistee are the same as those of a Coast Guard 
enlistee. The psychclogical aspect involved in an individu- 
aits decision process for enlisting into either service is 
Eevond the scope of this study. It is reasonable to assume 
Sadie 2: the Navy is Capable of recruiting good quality 
people for a given area then the Coast Guard should have 
some relative potential in that area also. 

The final problem deals with sparse Coast Guard data. 
Since the Coast Guard enlists only between 4000 and 69009 
recruits each year, the resulting recruiting data is very 
mated. For example, the number of quality minorities per 
office has a range of zero to five for fiscal year 1983, 
Mee MmcSt OL them falling at zero, one, two, or three. Asa 
result an increase by one or two in this category of recruit 
brings aktout a 100 to 200 percent increase in the value of 
this variable. This can cause difficulties when regressing 
against some weighted value of this variable. This sparse 
data is compounded by recruits that come from outlying coun- 
mes Of a recruiting office territory. For example, the 
Omaha recruiting office has a territory of about ninety 
counties throughout Nebraska. From these ninety counties 
the two counties which are in the immediate vicinity of the 
office produce about seventy percent of the recruits. It is 
reasonable to assume that most of the recruiting effort is 
concentrated in these two counties, hence the remaining 
counties are not actively recruited by the Coast Guard. aon 
comparing the Coast Guard with the Navy, it is necessary to 
compare only these twe counties since they are the only two 
that the Coast Guard makes an effort to recruit fron. ais 
all ninety counties were compared then the results would be 
misleading because the Navy has offices and actively 
recruits in some of these counties that the Coast Guard 


Gannot cover. In the case of Omaha, there is a loss of 
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about thirty percent of the data by uSing only the fwoucowe 
ties £cr comparison tc the Navy. This loss summed up over 
all lecations results in a much smaller amount of useful 
data. The overall effect 1s that the useful Coast Guard 
data is very limited and the relationship that is develored 
through regression with Navy recruiting data should be 
treated with caution. 

Keeping in mind the three major problems as mentioned 
above, Coast Guard cuota system, limited number of loca- 
tions, and limited amount of useful data, a Coast Guard 
‘reward' model can be developed. The model is a multiplica- 
tive model with the dependent variable defined as the reward 
assigned to each office and the independent variables are 
the relevant Navy variables, and number of Coast Guard 
recruiters. The Coast Guard guota system and interest in 
quality justifies the use of a reward value for each office. 
For examfle, the Coast Guard would prefer an office that 
produces many category I and II, and minority category I and 
Il accessions with only a few recruiters, over an office 
that requires many recruiters to produce only a few category 
iI and II, and minority category 2 and Il accessions. It 1s 
reasonable then, tc evaluate each office based on scme 
reward level as a function of the quality of accessions 
obtained. 

The limited number of Coast Guard locations results in 
uSing the Navy data as the most convenient set of indepen- 
dent variables. This Navy data is readily available and is 
logically relevant to the problem at hand. dt 1S Lreas@naa 
to assume that there is a correlation between Navy and Coast 
Guard recruiting results. Using the reward value to regress 


against the Navy data results in the following model: 


Reward = £(Navy data, # of C.G. Recruiters) (2325 
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It is this reward mcdel which will subsequently be used as 
the driving force in determining the optimal location. The 
final preblem of the limited amount of useful Coast Guarda 
data suggests that any decisions based on this model must be 


treated with caution. 


D. OPTIBAL LOCATIONS VIA THE REWARD MODEL 


To determine the optimal location of recruiting offices 
for the Coast Guard there must exist a valid reward model. 


Pssume this model is of the forn 


R= ro aie Xs ooe fF xa! d ) (2a3) 


where the X's are the various explanatory variables 
mentioned earlier and dis the deciSion variable, number of 
recruiters. Then it 1S possible to use this function as a 
Becruiting decision aid. The first step in applying this 
model is to define the problem in terms of the model. Since 
the Coast Guard wants to optimize their recruiting cffice 
locations the logical step is to optimize the reward func- 


tion of all the Coast Guard recruiting offices as follows: 
N 
M 
ax > Re (2.4) 
1=1 


where Ri is the reward for office 1 andN is the total 
number cf recruiting offices under consideration. ne) 
complete the problem there must be some constraints added to 
the system or the solution might result in a office at every 
locaticn considered. 

The constraint for the Coast Guard's problem is’ the 
total number of recruiterS available in the Coast Guard. 
This number is 242 at the present time with an additional 
constraint that there must be at least two and not more than 


Sux recruiters in any office. This second constraint is a 


2g, 


result cf administrative requirements. The resulting 


problem may be descrited as follows: 


N 
Max ) R (2.5) 
— a 
i=l 
N 
=- %/ 
Sates x d, Za 
i=l 
2d, <6 for alin 


where di is the number of Coast Guard recruiters for office 
lve Given this formulation, the question remains Gf )heweee 
solve it. 

The method used for the Coast Guard problem invclves 
applying a dynamic programming technigue Similar to the one 
used Ey Beswick [Ref. 10] in an application for Air Force 
Leecrul eng « In the Air Force problem, Beswick proposes a 


"response function" as follows; 


a 
l= 24 ee -C: 
= ple ah 20 (2.6) 
where 
r= number of reservations in office li, 


N 
i 


all of the explanatory variables for office Devas 

the exception Of TecEultanG Cemaore, 

t = man—months of effort in Office = ane 

C= sa Constance, 
This multivariate response function was derived using a 
non-linear regressicn method. Beswick then applied a 
dynamic programming algorithm with t , man~=months of effort 
in each SGriice 1, as the decision variable to solve the 
problem given by equation 2.7 , where T is the total number 


Of TALE Force ReECEUMtCrES. 


28 


Max y ae (22.05) 
i= 


Mi 
A cemparison of eguations 2.5 and 2.7 showS twee very 
Similar problems. Tc apply the dynamic programming method 


to the Ccast Guard preblem there are a few adjustments to be 
made. First the reward model must be a function of Coast 
Pier aebectuiting G€fLort (1.e. Coast Guard recruiting effort 
Must be one of the explanatory variables). AS a result the 


reward model may be written as follows: 


= S (2.8) 
a a 25 
where 
Fi = the reward at office i, 


ZL 


ables for office i, 


a value determined by the Navy explanatory vari- 


di = the number cf Coast Guard recruiters for office i, 

and 

a= the exponent for di derived from the regression. 
Because of the relatively small number of Coast Guard 
Recruiters, the variable d was chosen as the number of 
recruiters for an office instead of the man-month effort or 
some other percentage of recruiting effort. Simce d is the 
decision variable and must be an integer, the resulting 
dynamic programming algorithm must result inan integer 
solution. The added constraint of at least two and not more 
than six recruiters fer office is also incorporated in the 
dynaric frogramming sclution. 

Assuting a valid reward model, the application of the 


dynamic programming algorithm should produce a list of 
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offices with the corresponding number of recruiters een 


will maximize the total reward £Eor the Goasteouccce 
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ie MODEM Bol INaA TION 


A. IDEAL CONDITIONS 


To develop a gocd reward function it iS necessary to 
define and understand the model. As mentioned before, a 
multiplicative factor model will be used to describe the 
reward function for Coast Guard recruiting. hi Sees Y Pe wor 
model is intuitively convenient since it allows the case of 
mintcshang Leturns «£ reward as a function of effort. 
Several studies on market response to sales force have 
concluded that there are diminishing returns as a function 


@f eEffort as shown in Figure 3.1 [Ref. 11, i2, and 13]. 
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Figure 3.1 Reward as a Function of Effort. 
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Assuming that this multiplicative factor model is appro- 
priate, the first step to building the model is identifying 
all possible components. It is hypothesized that the reward 
function 2s -atticeved by both environmental-demcgraphic 
conditicns and recruiting system factors. The first set of 
Cond2 tiene, environmental-demographic, are not directly 
contrcellarle by the Ccast Guard; however, recruiting oftige 
location can be adjusted to optimize these conditions. The 
second set of factors, those of the recruiting system, is 
more directly contreclled by the Coast Guard within the 
limits of budget constraints and Congressional rulings, and 
therefore should be rFeavily scrutinized to insure effective 
EEGE ULE ING. 

The Coast Guard recruits heavily from the age group of 
17-21 years old, hence the relative number of youths in this 
category should have a positive influence on recruiting. 
This group is commonly referred to as the "qualified mili- 
tary available" (QMA), the youths in the age group of |1j/-2am 
that are physically and mentally qualified, and availakle 
for military service [Ref. 5]. This factor, QMA, 15 Ccredde 
ered an important factor in the supply models of all the 
cther services and provides a good starting point in identi- 
fying geographic areas with gcod potential [Ref. 5]. 

Another important environmental factor is the ~doeal 
unemployment rate. Several studies indicate that high unen- 
ployment has a positive effect on recruiting {Ref. 5, 8, and 
14}. This is intuitively reasonable since people will turn 
towards a secure inceme, the military, during hard economic 
times. This effect was quite evident during 1982 when the 
unemployment rate was high throughout the country and 
recruiting was good for both guality and quantity for adieee 
the services. 

The civilian-military pay ratio is another economic 


factor which influences recruiting. When this ratic is 


Sz 


(Leim—neanng  ulgher cavyilianspay relative to the military, 
the effect on recruiting 1S negative. Although this rela- 
tionship is expected, the possible interaction with unen- 
ployment must be considered if both factors are included as 
explanatory variables in the nodel. 

POUmiecine! LUde mmyeward the military ais. another environ- 
mental factor which cannot be controlled. Recent surveys 
indicate that the fepularity of the military 1S on an 
upswing from a very low level reached during the Vietnam era 
ket. 15). While popularity has a positive effect on 
recruiting, as would be expected, this popularity is not 
consistent across the country. Different regions seem to 
experience different levels of popularity. The annual Youth 
miscsetude Tracking Study {YATS), divides the country into 
sixty-six regions with a rating for propensity to enlist 
mito the military. While some of the services include this 
as an explanatory variable for their supply models, the 
Coast Guard will not include it because the rating is based 
On a survey of propensity to enlist in one of the other 
services. The survey excludes the propensity to enlist in 
the Coast Guard, and it is not clear how this measurement of 
attitude towards the military would fit into the Coast Guard 
reward mcdel. 

Possible recruiting system factors which affect 
recruiting include; office workload, advertising, the 
programs offered, recruiter experience, and number of 
recruiters, just to name a few. For the Coast Guard reward 
model, the number of recruiters assigned to a geografhical 
area will be the only explanatory variable from the 
recruiting system factors. Pwaisrhackon,. Munber of recrul— 
ters, 1s considered one of the most important variables 
Memated tO Eecruiting and is the easiest to quantify for 
€ach geographic location. The other recruiting system vari- 


mmees are hard to define and even harder to measure. For 


SI 


the fpurpcse of this study, the number of recruiters assigned 
to a location will be Synonymous with recrulting eG€fioriustos 
tid eLocatlon-: 

In a study done for the U.S. Army by General Research 
Corporationy) Rein oa, the explanatory variables for their 
cross sectional suprly model included QMA, unemployment, 
attitude towards the military, advertising, humber of 
recruiters, and number of canvassers. This represents one 
set of explanatory variables which were considered afpro- 
priate fcr the prediction of Army enlistments. These vari- 
ables would be nice to consider in the Coast Guard model, 
however the construction of the reward nodel, the avail- 
aD iG ys Oneemne eonGda tam and the ultimate use of the necdel, 
dictates that the Ccast Guard Reward Model use a different 


set of explanatory variables. 


Be. DATA AVAILABLE 


Since the goal cf the reward model is to predict the 
recruiting reward for geographic locations both with and 
WIEN OUL GoOaSt "Guard recruiting offices, it is hypothesized 
that the performances of Navy recruiting efforts can be used 
to predict the performance of Coast Guard efforts. Tf thoes 
hypothesis is true, then it will be possible to predict the 
reward ci geographic locations for present and pctential 
Coast Guard recruiting offices. Using Navy data to predige 
Coast Guard potential allows the prediction in areas where 
there is no source of Coast Guard data and also overcomes 
the problems caused Ly a lack of detailed Coast Guard data. 
Even for the locations where the Coast Guard has recruiting 
offices there is a lack of good differentiable data beyend 
that of total enlistments (i Je there 1S no division into 


mental categories or minority mental categories, etc.). 
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The data used for this study were obtained from the 
Defense Manpower Data Center (DMDC). The DMDC provided both 
Coast Guard and - Navy data for fiscal year 1983. The data 
included information such as; home of record FIPS (Federal 
Information Processing Series) code, highest year of educa- 
tion, race, AFQT sccre, service of accession, and Coast 
madara Lrecruiting office, EOE each applicant of both 
services, Ccast Guard and Navy. These data were then manip- 
ulated into number of applicants, mean AFQT of applicants, 
Mean AFQT of accessicns, number of accessions, number of 
category I and II accessions, humber of category I and II 
applicants, number of minority category I and II accessions, 
number of minority category I and II applicants, the numker 
of minority accessions, and the number of minority appli- 
cants fcr roth of the services. Ties As StsOr VvVarlapies of 
Coast Guard data would become the possibie components of the 
reward value for each location, while the Navy data vari- 
ables along with the number of Coast Guard recruiters at 
each office would beccme the explanatory variables. In the 
case of Coast Guard accessions, the number registered for 
each office represents those enlistees that survived at 
least nine months of Coast Guard service. This was a hidden 
btonus Since the number of accessions represents survivers 
and, hence, iS an asfect that should be rewarded. 

Initial review of the Coast Guard data for the various 
categcries- suggested that some of the data values were 
Suspect. A closer ccmparison of numbers that are maintained 
by the Coast Guard Headquarters Enlisted Recruiting Branch 
revealed that many of the values obtained for the sixty-five 
locations are in errcer. Piaiinee Lome or the ~ invalid data 
BeameS resulted in thirty-four locations on which future 
calculations and estimations would be based. There was no 
reasonable explanaticn for the inconsistent data results; 


however, it is hypotkesized that the Coast Guard's reporting 


bys. 


procedure to the DMDC may have resulted in some offices not 
receiving full credit for thelr recrurtrng error, The 
loss of almost half of the original data suggests that 
caution should be used when drawing conclusions from any 
subseguent results. It 1s also possible that the remaining 
data may have errors that could not be checked due te the 
lack of detailed data maintained by the Coast Guard. 

After the invalid data were eliminated from the data 
set, the first step involved exploratory data analysis. A 
scatter plot of each variable mentioned above was nade 
against each of the other remaining variables for both Coast 
Guard and Navy data. In addition the correlation ¢coce mm 
cient was recorded for each comparison. This made it 
possifle tec get a better overall understanding of the data 
and to identify outliers and relationships within the data. 
Obvious relationships such as Navy applications versus Navy 
accessions appeared as nearly straight lines, Suggesting 
that a strong relaticnship between these variables exists. 
The resulting correlation coefficient of .94 supports this 
conclusion. It is necessary to be aware of these fpossitle 
interactions since it is not desirable to include twe expla- 
hatory variables that are strongly interrelated. 

This exploratory data analysis was also useful in iden- 
tifying the most desirable variables to include in the model 
for, Lurcthner “analysis. The independent variables that 
appeared to be significant were number of Coast Guard 
recruiters, Navy accessions, Navy category I and II acces- 
Sions, and Navy minority category I and II accessions. The 
overall view of the data also proved helpful when analyzing 
the subsequent regression results. A final result of the 
exploratory data analysis was the confirmation of the fact 


that the Ccast Guard data was noisy. 
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C. THE VARIABLES OSELD IN THE REWARD MODEL 


Although there are some limitations on the variables 
considered for the reward model due to a lack of data, there 
Still exists a substantial set of possible variatles to 
represent Eoth the dependent and independent variakles of 
the model. The dependent variable in this model represents 
the reward assigned foscach® OriLice. This reward will be 
discussed in detail in the next section following a closer 
look at the five variables that make up this single reward. 
These five variables include applications, accessions, 
category I and II accessions, inOmdtyeCateqom sl and 17 
accessions, and minority accessions, all with respect to the 
Coast Guard. 

The first variable, applications for the Coast Guard, is 
measured by those individuals that pursued the application 
process to at least the level of taking the ASVAB test. 
This e€liminates the féeople who simply fill out a form or two 
without any real interest in making a commitment. It is 
hypothesized that an individual who sacrifices the time to 
Mmeeout the applications and take the ASVAB test is a 
genuine candidate for enlistment, whereas someone who merely 
contacts the office or picks up some brochures is nct neces- 
sarily a serious candidate. The number of these applica- 
tions is not limited Ey any quota system and is not directly 
proportional to the mrumber of recruiters, hence an office 
that gets many serious applicants may represent a location 
Mit very good potential. It will be assumed that the 
potential of an office is positively related to the number 
ef applicants at that office and, therefore, an office will 
be rewarded with respect to the number of applications 
received. 

The next variable to be incorporated in the reward is 


the hnumter of accessions for each office. It has been 


ay 


POimLve d Ouem tha & due to the quota systen, the number of 
accessions for each office 15 directly proportiondl! sso meae 
number of recruiters. Because of this proportionality jee 
1S net appropriate tc use the number of accessions as a 
dependent variable while using the number of recruiters as 
one of the explanatory variables. Because of this relation- 
Ship, the number of accessions will be measured Ey those 
individuals who entered the Coast Guard in fiscal year 1983 
and remained on active duty until the time of this study, a 
Minimum of nine mecnths service. This measurement was 
achieved by DMDC thrceugh a cross comparison of individuals 
on active duty at the time of this study with those individ- 
uals who enlisted in fiscal year 1983. As a result, a8 
modified number of accessions Lrepresents individuals who 
have survived the period of highest attrition (through boot 
Camp), thus representing good recruits relative to time and 
money involved from the signing of the enlistment contract 
to the time of reporting to their first duty assignmer a 
This measurement also buffers the proportionality between 
number of recruiters and number of accessions which isa 
desired effect. Since recruits that survive at least nine 
months of service represent a desired commodity, a large 
number of these accessions implies a good recruiting loca- 
tion, hence each office should be rewarded with respect to 
the number of these accessions. 

Ancther variable considered to be a reward is the number 
of minority accessions into the Coast Guard. Again these 
Minority accessions represent those minority individuals who 
have survived at least nine months of service. The Coast 
Guard has a goal of at least twenty percent minority enlist- 
ment each year. In order to reach ears yqoaiy the Coast 
Guard has allocated a large number of resources ifr an 
attempt to recruit mcre minorities. It 1S more dittieut eee 


recruit Minorities thot eeuce.s the minimum Coast Guard 
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standards than it is non-minorities. FOERENYS Leason 1t 1S 
assumed that an office that is able to recruit minorities 
should be rewarded accordingly; hence, a positive reward is 
asSigned to each mincrity accession. 

The final two reward variables are the category I and II 
accessions and the minority category I and II accessions. 
These are measured by accessions that survive nine months of 
service, have a AFQT score greater than sixty-four, anda 
bagy school diploma. These accessions represent guality 
accessions based on their mental category and education 
level as discussed previously. Since the ultimate goal is 
to improve quality while maintaining the appropriate quan- 
tity, it is assumed that the quality of recruits from each 
office should play a major role in the reward to that 
SrELce. Again, these quality accessions are not biased by 
the quota system. 

The explanatory, or independent, variables for the Coast 
Guard model are all measures of Navy performance in the 
various categories and the number of Coast Guard recruiters 
at each location. The Navy variables are the same as the 
five variables mentioned for the Coast Guard with the excep- 
tion that they represent the values obtained by the Navy in 
each location. The number of Coast Guard recruiters is 
important since the recruiting results are a function of 
errort. Since the hypothesis is to use Navy performance to 
predict Coast Guard potential it is reasonable to use 
Similar measures of Navy performance to predict Coast Guard 
potential. If there is a positive relationship between Navy 
and Cceast Guard recruiting, then the Coast Guard should be 
willing to allocate resources in locations where the Navy 
does well and compete for the relatively few accessions that 
are required. 

The explanatory variables mentioned above represent a 


Seacting point for the nodel. The process of stepwise 
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regression will eliminate those variables that are not truly 
explanatory and will keep those that are. It is necessary 
to begin with variables tnat have some apriori justification 
for being in the model to avoid predicting within a given 


significance level using some unrelated variable. 


De. REWARD ASSIGNMENT 


As previously Mentioned, this study 1S using a “reward 
model" instead of a "supply model" because the ultimate gcal 
iss) quality noe “qitamene 7 This reward theory 1s also a 
convenient buffer for the guantity bias created by the Coast 
Guard guota system. To develop a reward value for each of 
the offices with data, i1t was necessary to survey scme 
recruiting experts to determine which categories were the 
greatest assets to the Coast Guard. Once the categcries 
were ranked from most important to least important, a 
subjective weighting was given to each variable to differen- 
tiate the levels of significance. It 1S assumed that these 
recruiting experts are making the decisions for the Coast 
Guard recruiting system, including those regarding the 
Gua laety Ofer ce a dace. Hence, their subjective ranking and 
weighting of the reward values should be consistent with the 
guality goals of the Coast Guard. 

The reward (dependent variable) assigned to each office 
is defined by the following equation: 


R = APP + 2{(ACC) + 4(CATAC) + 4(MCATAC) +#3(MINAC) (3.1) 


where APP = number of Coast Guard applications, 
ACC = number of Coast Guard accessions, 
CATAC = number of Coast Guard category I and II 
acceSSions, 
MCATAC = number of Coast Guard minority category I 


and II accesSicns, and 


40 


MINAC = number of Coast Guard minority accessions. 
It should ke noted that each category is mutually exclusive 
are the Others (1.¢. APP representsS applications above and 
beyond the other four categories). The weighting cf these 
rewards is intuitively reasonable since the highest rated 
reward is guality. LOpiMeiiiottty and Men-Minority quality 
are weighted on an egual basis. This suggests that improved 
guality is more impertant than increased minority acces- 
sions, since minority accessions are rated second highest. 
This is followed by regular accessions because the mfrincrity 
Mecruit 15 more ~difficult to obtain than the non-minority, 
hence a higher reward should be given. The final variable 
ms applacations. This variable is appropriate to include 
because it represents a potential recruit. These aprflicants 
pursued the enlistment process to a level indicating sincere 
interest. Poor recruiter performance or a long waiting list 
are possible reasons for an applicant not enlisting in the 
Coast Guard. This suggest that applicants are valid irdica- 


mers Of potential recruits. 


BPemeeuNL TIAL REGRESSICN USING STATISTICAL’ ANALYSIS SYSTEM 


Once the list of independent variables was identified 
and the dependent variable (reward) was defined, the actual 
estimaticn of the parameters and the determination of the 
independent variables which would remain in the model was 
seonducted. The statistical technique chosen was a stepwise 
regression package available through the Sipatiscicas 
Analysis System (SAS). A review of the reward model 

R = @20 ae cde an a (ene 


.= RMN ss 
a lela ae ) 


reveals that a logarithmic transformation must he completed 
before estimating the parameters using a linear stepwise 
regression. The transformation results in the follcwing 


Seat ion : 
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in (RR, /=a0e7 alan z : 
n(R,)=a ae) eet ma i? + a2 In(X,)+...4 an n(x, .) we in(d,) (33m 


where Ri = the weighted reward value for office i, and 
Kills 
X21 

= the explanatory (independent) variables. 
0G: 


Gam te 


Once this transfcrmation is nade, it is possible to 
apply linear stepwise regression to estimate the parameters; 
aAOe aA Mio a 2 ever 5 alls ae Several regressions were conducted on 
the data with various combinations of independent variables 
and various weighting of the dependent variable to measure 
the sensitivity of the model under varying conditions. In 
addition, the level of significance for the independent 
variable ertry into the model was varied to ensure that all 


possitle factors would have a chance to be considered. 


Fo) REGHESSION RESULes 


The stepwise regression for the thirty-four locations 


resulted in the following equation: 


In(R,) = 4.41 + .12 In(NACC,) + .49 In(d,) (3.4) 
where NACC = number of Navy accessions at location i, and 
di = number of Coast Guard recruiters in lecatrtoneae 


Taking the inverse log of Equation 3.4 results in the 


following multiplicative model. 
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to 


R, ="82es NACeH cd (3-5) 
As Cah Ee Seen in Equat tenia the prediction model is 
defined with only two explanatory variables. The presence 
of the ‘dit variable is expected, because it is assumed to 
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HemtneenesteiMpemrant factor tnfluencing recruiting, and it 
is this ‘dit variable which will subseguently determine the 
Perocat@on Of LTecruiters. The NACC variable implies that 
the Coast Guard reward has some positive relationship with 
the total number of Navy accessions. The elasticity of this 
variakle is represented by the .12 exponent. Since the NACC 
variable is not highly correlated with any one of the depen- 
dent variables 1t is reasonable to include it in the nmedéel. 
To expound any further upon these variables seems inappro- 
priate when considering the possible invalid data. ine 
suffices to note that each of the explanatory variables had 
pide rlOrl justification. 

Closer investigation of the regression results shows an 
EemOor iatrout .63. This is considered a fair value when 
dealing with guise a tative social data. However, caution 
must re used when making conclusions based on a large R@, 
kecause the independent variables may make only a statis- 
tical explanation and not the desired causal explanation 
lemcer. 16}. 

The F probabilities for d and NACC were .0001 and .0058 
respectively. These values imply that there is only a .01 
percent probability that the d appears as an explanatory 
variakle by chance and likewise a .58 percent probability 
mor NACC. These are both very good significance levels and 
Suggest that both variables have been appropriately selected 
as explanatory variables. 

The variable that the model attempts to predict, reward, 
waS arrived at subjectively, hence to construct a very 
complicated model with several explanatory variables could 
not be justified as any better than the model above. The 
results do suggest a relationship between Coast Guard poten- 
tial and Navy performance, which deserves further investiga- 
tion. It seems that a better model could be obtained if the 


Coast Guard could provide the necessary accurate data. The 
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remaining steps in determining the optimal Coast Guard 
recruiting locations will be carried out under the assump- 


tion that the above aoacdel is valid. 
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im oUBIPROANENG OPTISAL LOCATION WITH DYNAMIC PROGRAMMING 


A- PRCBLEM STATEMENT 


Since this study attempts to determine the optimal loca- 
tions for recruiting offices, the problem will be defined in 
terms of the goals and constraints placed upon the Coast 
Guard Recruiting Branch. The present budget constraints for 
Coast Guard recruiting allows for 242 recruiters and sixty- 
five cffices, and tke money for these resources is assumed 
to be available in the following years. It is also assumed 
Egat the fixed cost cf an office is the same for all loca- 
fions. Hence, for each office closed, a new one will be 
opened so aS to maintain sixty-five locations. For adminis- 
trative purposes, the Coast Guard desires to have a mnininun 
of two and not more than six recruiters per office. This is 
to facilitate leave, continuity during transfers, keeping 
the office open while one recruiter is on the road, etc. [ff 
Btewoe jective functicn of the problem is defined by maxin- 
izing the reward at each office, where the reward is 
predicted by the reward model, then the problem can be 


formulated as follows: 


(4.1) 


1=1 
N 
Secee ) 6d. = 242 
1=1 
25d. 56 Sor alii. 
N = 65, and 
qd. = an integer. 
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For the purpose of this S bids, the Coast Guard 
Recruiting Branch supplied a list of eleven potentidaltoca= 
tions to pessibly rerlace present offices with the least 
desirable reward. These locations were picked based on 
several logical characteristics including Coast Guard visi- 
bagi yj POUL aerone, relative location to e€x1Stirg )@oaqee 
Guard facilities, etc. This study looked at the seventy-six 
locations, sixty-five existing and eleven potential sites, 
eliminated the eleven locations with the lowest predicted 
rewards, and determined the recruiter allocation necessary 
LO eOEt2 m1 Ze the reward of the remaining sixty-five 


locations. 


Be. THE APPLICATION CF DYNAMIC PROGRAMMING 


The Mathematical programming problem proposed in 
Eguation 4.1i1is depicted as a dynamic programming problem in 


Figure 4. 1... 
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Figure 4.1 Dynamic Programming Pormulation. 
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where di = the integer decision variable, number of 
becmumeters at office 34 
Xi = the total number of recruiters available at 
stage i, the dynamic programming state variable, 
N = total number of stages (65), each stage represents 
a recruiting office, 
Ri = the reward for office 1. 

As discussed earlier, Riis the reward function develored in 


Chapter III, where: 
reeeizeed:*? (4.2) 


Fach Zi is a predetermined value from Equation 3.5. This 
value differs among recruiting offices but is constant with 
respect to a given office. 

The recursive eguation for solving this problem is 

= yi = “48 i - ) re \ 

=, (%,) Max (P. ey (5) a Re nig) eoreetciyyes Olas, (a3) 


where 264, Or ine, 


x: = X.-d. ile. ne eee pict 
Bee |) i i ¢ ©? , t 


Ey = 0. 


It may be noted that the constraint of maintaining 
Peaet ly sixty-five cf£fices is not accommodated in this 
model. One possible solution to meet this constraint is to 
add another decision variable to the dynamic programming 
Formulation. This decision variable, in addition to the 
decision, ‘dit, number of recruiters at office i, would be 
an indicator type variable, where the value one would repre- 
sent the decision to have an office at the given stage loca- 
tion anda zero would be the decision not to have an office. 
This indicator variakle would be constrained such that the 


Sum of the indicators would egual sixty-five. While the 
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addition of a decision variable and corresponding state 
variable is feasible, 1t 1s undesirable because of the 
resulting increase in dimensionality of the dynamic progran- 
ming problem. The number of computations rises expeonen- 
tially with each state variable, hence the problem can 
become prohibitive as variables are added. In the small 
problem attempted in this study, the size can be handled 
with the added variables, however it is not necessary if the 
Simplicity of the reward function is exploited to account 
for the ‘number of offices®* constrain, 

Review of Equaticn 4.2 shows that the reward function 
for each office is 4 Gonvex Luber on. Each of the seventy- 
six locations considered has a unigue Zi value, a constant 
for that office. It can be shown that the eleven locations 
with the smallest Zi value can be eliminated from the 
problem and the resulting solution obtained from the 
remaining sixty-five locations and the single de€cision, 
Single state variable model, will have the same optimal 
solution obtained frem the dynamic programming problem with 
the additional decisicn and state variables. This can be 
proved by showing that an office eliminated from the solu- 
tion of cne recruiter per office (i.e. sixty-five recruiters 
available), will not return to the solution as more recrui- 
ters (resources) are added, while maintaining the limit of 
Simey-five Off1ecs. This may be stated in the following 
way. 

If the total number of recruiters available for alloca- 
tion is sixty-five and only one recruiter may be assigned to 
an office, then the sixty-five offices chosen to optimize 
the total reward will be the same offices that optimize the 
problem for 242 recruiters and a limit of SixXtyeee 
Ons Ces: To see this let R1(k), R2(k), ~..--, R/6(K)) Deueme 
reward values for each office if k recruiters are assigned 


to the offices. Let S$ be the set of offices eliminated fron 


4&8 


[oo NOELOLIAOM eyrth a resource of 65 recruiters, where one 
BoeEUltcHels allocated tO cach of sixty-five offices cut of 
seventy-six total offices. Then S is the set of offices 
with the eleven lowest Zi values. TOMeOMtI rien lsS St 1s 
Meeessdly to mete that 1f Ri(lj= Rj(1), then Ri(k) < &j (k) 
mor ali kK. If this were not so, then the optimal solution 
Pic omsrrainte ore 242 recruiters and 65 “orfices could 
imiewde dan Office in set S. That is: Ri(k) > Rj(k) where i 
represents an office eliminated in the 65 recruiter, 65 


Seraces ~troblem, and j iS an Office included in this 'one 


recruiter per office' case. BUG this iSm@emot “~possikle 
because: (ae eee amor fae 1 =*9 a= Zq*l eso then Zi*k 
49=-75j*k -49 must be true. Hence, the additional state 


variable and decision variable can be avoided by eliminating 
the eleven lowest 2Z1 offices and solving the sukseguent 
dynamic programming froblem using the remaining sixty-five 
locations. The final step determines the optimal allocation 
of recruiters for the DeSe Sl Xey-fLive OLriices. The 
resulting problem fits the description in Figure 4.1, and 
can be solved using cnly one state and decision variable, 


mene TUMCEr Of recruiters. 


C. NON-INTEGER SOLUTION 


Before discussing the dynamic programming technique used 
moe SClving = this preklen, ies wort hwnile Looking at a 
nohn-integer dynamic frogramming algorithm which results fron 
tne convex nature of the objective function in this fretlen. 
While tke optimal solution of this technigue does not 
provide integer results, it dces provide valuable insight 
into the process, giveS an approximate estimate as a deci- 
Seon ald, and is very Simple and easy to implement using 


existing Coast Guard resources. 
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Assuming that the Zi 1S greater than Zeno for qa eee 
can be shown {Ref. 1713, that the following recursive equa- 


tions represent the optimal allocation decision for each 


Slade. 
ae Q, x, (4.4) 
a 
= ‘ ie 
CN ae (4529 
where, 
(2 Pie ae 
ous 2 i-l ae N: = 
: tien) 
= el 
1+ ( Z. 7. Kooy) 
(Leas 
a a - a a. ; = 
Ko = 2,9. + K,_, (1-Q,) , 1 = 2,3,...,N; K, = Z,. 


These Simple recursive equations can be programmed on 
the Coast Guard's C3 computer to provide a readily available 
decision aid for future use by the Coast Guard Recruiting 
Ei ane. Although the above algorithm will not provide an 
integer solution, it may be a valuable tool sufficiert for 
Coast Guard requirements and budget constraints. Assuming 
that any reward or supply model developed from guantitative 
social data will only provide an approximate decision aid, 
the non-integer solution may be a more reasonable approach, 
based on its simplicity. Once this program is implemented, 
1t can be adapted for annual redistribution of recruiters at 
already established offices, assigning guotas to offices, 
evaluating recruiter performance, and several other opti- 
mization schemes which may be of interest. These applica- 
tions are valid assuming a valid reward function can be 
derived. 

Althcugh this methcd does not give an integer soluticn, 
the program was written and tested (without the constraints 


on d) for the precblem described in this paper. The optimal 
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solution oktained was not the same as the integer solution 
for ckvicus reasons, however the relative implications were 
consistent to those cktained in the integer solution. As a 
decision aid, the non-integer solution appears to be helpful 


and may te sufficient for Coast Guard requirements. 


D. THE INTEGER SOLUTION USING DYNAMIC PROGRAMMING 


The first step, tefore applying dynamic programming, was 
to identify the geographical locations of the eleven pcten- 
tial offices. These locations provided by the Coast Guard 
Recruiting Branch, were designated by the major city within 


mae area and are listed in Table IV. 


| TABLE IV 
| Potential Coast Guard Recruiting Office Locations 


Anchorage AK 
Mcnterey CA 
| Santa Barbara CA 
Orlando FL 
Savannah GA 
; passane NJ 
Cciumbus OH 
Oklahoma epee OK 
Charleston § 
Knoxville TN 
| Salteelake City UT 
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To determine the koundaries of the locations, the 
Metrofpolitan Statistical Areas (MSA, formerly known as 
Standard Metropolitan Statistical Areas or SMSA'sS) were 


used. The MSA's were defined and published by the Office of 
Management and Budcet (OMB) in June of 1983. These 
geographical areas represent metropolitan areas 


"...cconsisting of a large population nucleus together with 


al 


adjacent communities and areas having a high degree of 
economic and Social integration With ewer nucléevucas 
[Reft. 138]. The OME has specific rules to determine the 
qualification of an area as an MSA as follows: 

1. A city of at léast 50,000 peopulapionmeen 

2. An urbanized area of at least 50,000 with “amitaram 

retrcopolitan pepulation of at least mr7G7ue 

OMB established these MSA's "...to enable all Federal 
Statistical agencies to use common definitions when studying 
metropolitan characteristics." [ReEf.s) vos. It is assumed 
that the MSA represents the most logical choice “fom 
geographic Foundaries for the researcher without specific 
locaticn knowledge. 

Once these boundaries were decided, it was possible to 
evaluate the Zi value for all seventy-six locations. The Zi 
were estimated using the reward model developed in Chapter 
TIT, Equation 3.5 and are Shown) in fabpleo mee. The eleven 
jocations with the lcwest Zi values were dropped from the 
Froblem. These office locations are listed in Table VI . 

It is interesting to look at the offices which have been 
eliminated. However, to draw conclusions without further 
investigation of the data may result in erroneous décisions. 
San Francisco, for example, seems like an unlikely choice to 
eliminate. This may have resulted from poor data (i.e. the 
San Jose office receiving credit for the San Francisco 
office), or it may be that San Francisco 1s not the placcmee 
ke for recruiting into the Coast @auaea: Some of the cther 
locations that have been eliminated coincide with intuiticn, 
such as Helena, Boise, Yakima, and Monterey. However, it is 
again necessary to investigate further, in light of the data 
used in this study. 

The remaining sixty-five locations were used in a 
dynamic programming fackage to determine the optimal alloca- 
tion of the 242 recruiters. The solution produced has 


integer values as desired and can be seen in Table VII . 
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TABLE V 
Zi Values For All Locations 


Location 

rome lang Mi 
Boston MA 
Providence RI 
New Bedford Ma 
Manchester NH 
NOUGeC] Ter ath 
Springfield MA 
Piece sour dg PA 
Canc rEnaci Of 
Louisville KY 
St Le6urs 40 
Memphis ITN 
Minneapolis MN 
anise S Ginny lO 
Omaha NE 
Denver CO 

New York NY 
Freeport NY 
Newark NJ | 
Philadelphia PA 
Wilikes-Barr PA 
Hare tord, CT 
Alkany NY 
Harrisburg PA 
Norrolk V 
Saliaskury MD 
Richmond VA 
Glen Eernie MD 
Alexandria. VA 
Morehead City NC 
Raleigh Nc 
Greensboro NC 
Roanoke VA 
aml FL 
Jacksonville FL 
Tampa ae ae 
Atlanta GA 
Birfingham AL 
Mokile AL 

New Orleans LA 
Jackscen MS 
Heuston TX 
Darlas TX 

Sah Antonl1o TX 
Alkuguergue NM 
Buttalo NY 
Cleveland OH 
Betrolit MI 
Niles IL 
Milwaukee WI 
Phceenix AZ 

San Diego CA 
Encine CA 
Cerritos CA 
Same Francisco CA 
san Jose CA 
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Table V (coma dd?) 


Z1 Values For All Locagionms 


- 
| 
| | 
| Location Zi Value | 
Sacramento CA lo Sage { 
Helena MT dlcees | 
Boise ID local | 
Spokane WA 152.8 | 
Yakina WA 137 20 
Seattle WA 17 to6 | 
Portland OR 163.4 
San Juan PR 1D3 eu | 
Hone Lut aa 1S ean 
Savannah GA 13668 | 
Charleston SC 164.0 
| Wsait lLaketertysuL 147.1 | 
Mcnterey CA lesen | 
Knoxville TN 154.2 
Oklahcma City OK 1S oe 
{ Santa Barbara CA 16555 
Orlando FL 15 72 
Columbus OH 15622 | 
Passaic NJ 16 Sera | 
Anchorage AK 21 9e0 
| 
ey Sa Sarees Sinn Sanit Snes 
| 
| TABLE Ver | 
| Lowest Zi Values | 
Existing Offices Potential Offpces | 
Salisbury MD Savannah GA. | 
Alexandria VA Salt Lake City eae | 
Roanoke VA Monterey CA | 
Jackson MS 
Sanlu Pane2scoseen 
Helena MT | 
Boise ID 
Yakina WA | 
| 


| 
| 


The solution shown in Table VII represents the optimal 


allocation of 242 recruiters over the sixty-five best 
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TABLE Vil 


Optimal Allocation of Recruiters 


Jwo 
Kes) 
| 
jo 
to 
ict 
Ir 
Is 
(mv 
| 
i 

> 

mw 

Hy 
La 
Im 
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Previdence RI 
New Bedford Ma 
Manchester NH 
Worcester MA 
Springfield MA 
ba tts Peace 
erncanna ti OH 
Louisville KY 
St Louirs MO 
Memphis TN 
Minneapolis MN 
Mansas City MO 
Omaha NE 
Denver CO 

New York NY 
PLeepert NY 
Newark NJ . 
melanie ont a PA 
Wilkes-Barr PA 
Hoist cona CT 
Alkany NY 
poet ur G PA 
Norfolk V 
Saliskucy MD 
Richmend VA 
Glen Pernie MD 
Alexandria VA 
Morehead City NC 
Raleigh NC 
Greensboro NC 
Roanoke VA 

De aidiee tr L. 
Jackscnville FL 
ealipa Baye L 
Atlanta GA 
Birmirgham AL 
Mobile AL 

New Orleans LA 
Jackscn MS 
Heustcn Tx 
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offices. This solution is valid only if the reward model 
develcped in Chapter III is valid. Since it has “beer 
Fointed out that, due to poor data, the validity cf the 
reward model is in question, decisions based on this solu- 
tion should be made with extreme caution. Although these 
results may not be valid, it is useful to interpret the 
solution to gain further insight into the problem ange 
serve as a guideline for future work with better data. 

The numbers in the column '1984' represent the present 
allocaticn of recruiters. A zero indicated that therewiewng 
office at this location at the present time. The values 
greater than zero represent the actual number of recruiters 
assigned to the corresponding office. The ‘Optimal*® column 
indicates the number of recruiters that should be assigned 
at each location to achieve the ‘optimal' reward, based on 


the reward model developed earlier. In this case a zero 
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implies that there should not be an office assigned at the 
enven Location. This solution is based on the constraints 
discussed earlier, hence there could be significant changes 
in the allocation if some of the constraints were varied. 
For this reason, the constraints of the problem should be 
carefully develored tc avoid constraints that are actually 
goals. The final cclumn, ‘Change' represents the reguired 
change from present tc ‘optimal' allocation. 

Survey of the results shows changes of one or _ two 
recruiters in several of the offices. Since the reward 
model is a function of Navy accessions in a given locaticn, 
the offices with the smaller ‘toptimal' values indicate areas 
where Navy recruiting was not as good relative to locations 
With larger ‘optimal’ values. If the assumption that good 
Navy recruiting locations imply good Coast Guard recruiting 
locations is true, then the shift of recruiters would be 
moo LoOrrLlate. Again, this depends on the validity of the 
data. 

Another interesting result is that approximately 86 
percent cf the offices have an ‘toptimal' allocation of three 
oi, LoOUur. Since most of the locations are metropolitan 
areas, the number of Navy accessions is relatively close for 
these areas. When this value is raised to the .12 fower to 
obtain the Zi estimate, the resulting figure is even closer 
in magnitude. Some of this resulting closeness could be 
avoided with more exflanatory variables. The Zi value is 
then multiplied by the decision variable ‘dit (number of 
recruiters), raised to the .49 power. As a result of the 
mathematics involved, the offices have similar allocation 
values with the excertion of those with extremely large Zi 
values. The offices with four recruiters have a Zi value 
about 1.15 times the Zi value of offices assigned three 
BeGEuiters. TO move up from a four man office to a five man 


Sirice, the Zi ratic is about 1.11. These ratios will 


0, 


always exist with a reward function made up of a Zi value 
Multiplied by a single decision variable raised to sone 
power. 

A lock at the ‘new' locations suggestS an Interesting 
result. Anchorage is the only office that enters witha 
value greater than three. The five that Anchorage receives 
is a result of its large Zi value, and implies that the Navy 
does very well in this area. Even if the reward model is 
not valid, the potential of Anchorage should be investigated 


further. 
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A. SUMMARY 


The purpose of this study was to determine the oftimal 
location of sixty-five Coast Guard recruiting offices with 
Pigerecriaters. Recruiting office relocation was identified 
as one of several methods available to improve Coast Guard 
Gegrviting quality. Quality was defined in terms of AFQT 
category and level of education, with ‘good quality' repre- 
senting those individuals in the upper sixty-five percentile 
on the AFOQT and a high school education. It was assuned 
Midge thas Group of individuals was supply limited and could 
be predicted using a multiplicative model. 

Since the Coast Guard is interested in quality and not 
guantity, it was assumed that each office could be rated 
based on the quality of recruits and the potential at each 
office. It was also assumed that Navy recruiting ferform- 
ance could be used tc predict Coast Guard recruiting foten- 
tial in locations where Coast Guard BeCmUIUCINGweOrnices did 
not exist. A multiplicative ‘reward model't was developed to 
predict a reward value for any location under consideration. 
A higher reward value implied more potential or a better 
BecEuLting office TeGatilon. This reward model was 
constructed using stepwise regression on the log transforma- 
tion of the dependent and independent variables. PauGat y 
and possible errors in the Coast Guard data precluded strong 
conclusions about the reward model and subsequent results 
uSing the reward model. However, the method should prcduce 
a valid model if accurate data is obtained. 

The solution to the problem was carried out under the 


assumpticn that the reward model was valid. A dynamic 
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programming technique was used to determine the best sixty- 
five out of seventy-six locations considered and the corre= 
sponding number of recruiters to assign to each office. A 
non-integer dynamic frogramming algorithm was introduced and 
was fcund to be very easily implemented using present Coast 
Guard resources. This non-integer technique is ccnsidered 
sufficient for Coast Guard requirements and is very adeguate 
for use with guantitative social data. - It was also shewn 
that due to the convex nature of the reward function, elini- 
Mation of the lowest eleven reward values would result in 
the sane optimal solution as the dynamic programming tech- 
Nigue with an additiacnal) coms rman The results cbtained 
from the dynamic prcgramming technigue were interesting, 
however specific conclusions about placement of Ccast Guard 
recruiting offices were avoided because of the poor guality 
of data used to build the model. This study has resulted in 
some general conclusions and recommendations which will be 


discussed in the next two sections. 


Be. CCNCLUSIONS 


The first conclusion that must be considered before 
implementing any changes in recruiting office location 
concerns the data. The detailed Coast Guard data obtained 
from DMDC was compared with raw numbers maintained by the 
Coast Guard Recruiting Branch. AS a result, thirty—cnemoe 
the sixty-five offices were eliminated from the regression 
step due to major discrepancies. Because the Coast Guard 
does not maintain detailed information ({i.e. AFQT score and 
level of education) for each recruit, it was not possible to 
validate the specific data of the remaining thirty-feur 
locations. Thus the Coast Guard variables used to cCenStpuce 
the dependent variakle could not be verified for errors. 


This leads to the conclusion that the Coast Guard data used 
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in this study may be inaccurate. The cause of the discrep- 
ancies kave not been identified; however, the collecticn o£ 
accurate data should not present a difficult task for the 
Coast Guard. Decisions based on the data used in this study 
should be deferred until accurate data can be collected. 

The literature that was reviewed during the course of 


else stidy strongly supports the validity of a multiplica- 


tive ‘supply model’. The other services rely on this type 
of model to predict enlistments. The Coast Guard is inter- 
ested in quality not guantity. Tf the Coast Guard can 


define and identify quality recruits then it is possible to 
give a quality rating to each recruiting office. The value 
of the rating itself is not Significant, however comparison 
of the value with other offices can provide a technique to 
determine which offices have the potential for better 
guality. The use cf a reward model to predict potential 
guality of an office relative to another is feasible. 

Althcugh the data used in this study was considered 
guestionable, the resulting model does Support the use of 
Navy performance tc fpredict Coast Guard potential in loca- 
tions where there is no Coast Guard data. This concert can 
be used as a decision aid if the Coast Guard is considering 
opening a new office ina location where there are no Coast 
Guard data. 

Statistical Metropolitan Areas are a good set of bound- 
aries to use for recruiting offices when specific knowledge 
Oiean area 1S not available. The SMA'*s which were defined 
by the CMB represent metropolitan areaS with a common 
economic and social integration. These predetermined areas 
provide a good starting point until further informaticn is 
available to make adjustments in the boundaries. 

Cnce the Coast Guard is satisfied with its recruiting 
locations the multiplicative model can be constructed using 


Coast Guard data and local environmental and demographic 
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TALO Ma sion. Using Coast Guard data instead of Navy data 
will result in a better model because there 1S a strenger 
relationship between previous Coast Guard performance and 
future Coast Guard fotential than there is between Navy 
periormance and Coast Guard potential. A model that uses 
last year's Coast Guard performance as a independent vari- 
able to predict the next year's potential is more intui- 
tively reasonable than a model that uses Navy performance to 
predict Coast Guard fetential. 

Provided that a valid reward model can be oktained, 
dynamic programming is a reasonable method to aid many 
recruiting decisions. Some of the possible applications are 
recruiter allocation, quota assignment, boundary definitive, 
recruiter performance evaluation, and recruiter time alloca- 
tion with respect to specific locations within a territome 
Since tke basic model involves guantitative social data, the 
non-integer dynamic programming algorithm using recursive 
equations is a sufficient and reasonable approach when used 
with gcod judgement. 

Most of the seventy-six locations that were considered 
in this study were gcecd locations. There are some obvious 
exceptions such as Helena, Boise, Yakima, and Monterey. The 
remaining locaticns all have a similar potential and there- 
fore subjective judgement could be used to reduce the number 
c£ locations to sixty-five. Once the sixty-five offices. 
obtained, the allocation of recruiters can be completed 


using the reward model and dynamic programming. 


Ce. RECCHMENDATIONS 


A reasonable methcd to predict Coast Guard performance 
has been demonstrated using a relationship between Coast 
Guard and Navy recruiting performance. The cost effective- 


ness of this method may be less than that achieved by good 
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judgement. TE Mocations are carefully selected and satisfy 
apriori conditions, then the recruiting performance of these 
locations should be approximately correct. The method of 
‘good judgement' is more flexible in meeting political and 
administrative constraints. One possible approach for 
determining locations and the corresponding territories, is 
to use the Standard Metropolitan Areas. Once the locations 
are picked the Coast Guard can collect good data, then 


develop a model from this data combined with current envi- 


ronmental and demografhic data. This model should be nore 
accurate for recruiter allocation, guota asSignment, 
performance evaluaticn, and other Coast Guard decisions, 


than a model that uses Navy data as an explanatory variable. 

It has been assumed that the annual cost of recruiting 
would be the same regardless of the location of the offices 
if the number of offices and recruiters remain constant. As 
a result of this assumption, there is no cost consideration 
miethis model. It may be necessary to develop a model that 
considers cost as a factor before making changes in any 
focations. A cost ktenefit comparison between recruiting 
office and recruiter is another model which may _ frove 
fruitful. The trade cff between these two items, recruiting 
office and recruiter, may result in more locations with 
fewer total recruiters or vice versa. 

Based on the results of the current study, the Coast 
Guard sneould further investigate the opening cf an office in 
Anchorage. There is strong evidence of high quality 
recruiting potential in this area. The Coast Guard should 
also consider reallocating some recruiters as shown in Takle 
fieeot Chapter IV. One obvious imbalance is four recruiters 
in San Juan versus one recruiter in Honolulu. 

During the course of this study there were a few ideas 
related to recruiting which were not directly related to the 


‘optimal location' problen. These ideas deserve mention 
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Since they may help improve the present recruiting systen. 
The first item that should be reviewed is the quota system. 
The present system is simple and easy to implement, however 
it assumes that each office has equal potential for each 


recruiter. This methcd would be reasonable if optimal allo- 


cation of recruiters has been established. Based cn the 
origin of the present systeau, optimal allocation has vae@ 
been achieved, hence the quota system 1S not reasonable. 


The guota system should take into account the potential of 
the area based on previous performance and recruiter exferi- 
ence. To aSSign quectas blindly is a disservice to both the 
Coast Guard and the recruiter. 

Another item which can be easily improved is the lack of 
communication within the Coast Guard recruiting system. 
Under present conditions, if Honolulu has five qualia 
applicants but only one quota for the Month, four )oOauee 
applicants must go ona waiting list. If at the same time 
San Juan has four quotas and only marginally qwalvimwed 
applicants, these four marginal applicants will be enlisted 
while four quality applicants wait in Henolulue Thais 
Froblem can be easily corrected in the future when each 
recruiting office has a computer terminal that is ccnnected 
to aocentral data kase. However in the intering, one 
possifle sclution is to define a higher minimum standard for 
enlistment. If an office cannot meet quota with this new 
standard, then the quota will be transferred to an office 
Wilke co Wad teenG © i sie The Coast Guard should keep trachman 
waiting lists to assist in future quota and recruiter 
albLoeativens. 

A final suggestion is to develop a recruiter incentive 
Program. Since the recruiter is the ultimate resource to 
obtain guality recruits, the notivation of each recruiter is 
important to the overall success of the recruiting program. 


There are many different types of programs which have been 
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used Ey the other services and corporations throughcut the 
world. These methods are proven and can be found in various 
management science publications. A well designed recruiter 
incentive program fer the Coast Guard can result in great 


benefits for both the recruiters and the Coast Guard. 
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